Background: In patients over age 60 with acute myeloid leukemia (AML), cure rates are under 10% despite intensive chemotherapy. These patients often have comorbidities, and their treatment must be chosen with care. For those who are not candidates for intensive chemotherapy, one of the available options for palliative treatment should be chosen on the basis of an individual risk-benefit assessment.
A cute myeloid leukemia (AML) is a rare disease, with an overall incidence of 4 per 100 000 persons. It becomes more common with advancing age (1); thus, as the population ages, more cases of AML can be expected. The current five-year survival rates of patients under age 60 who receive intensive chemotherapy for AML range from 30% to over 40% (e1-e8) . Age 60 is now internationally accepted as the dividing line between "younger" and "older" AML patients; this division is arbitrary, rather than evidence-based (2) .
Older patients with AML who receive intensive chemotherapy have a markedly worse prognosis, with a 5-year survival rate of about 15% (3) (Figure 1a ). There are multiple reasons for this. The toxicity of cytotoxic drugs is increased in the elderly. Moreover, older patients more commonly have particular risk factors for a bad outcome, including poor risk cytogenetic abnormalities (Table 1 ) and the overexpression of genes associated with drug resistance (2, 3) . They also more often have medical contraindications to intensive chemotherapy. Finally, aside from all of these factors, age itself is an independent prognostic factor in AML (3) . In this article, we provide an overview of the suitable treatment options for older patients with AML in the light of the recent introduction of hypomethylating chemotherapy as well as other new developments that affect the choice of treatment.
Methods
The concrete treatment recommendations in this review are based on published studies in which patients were recruited from the year 2000 onward. Emphasis is laid on the findings of randomized controlled trials, as these provide scientific evidence of the highest level.
The outcome data presented here are based exclusively on studies published in the last two years that involved at least 200 unselected patients with AML.
differential diagnosis, such as lymphatic neoplasia; they also yield some prognostically relevant information. Cytogenetic analysis and testing for molecular abnormalities are done mainly for risk classification. The current ELN classification lists four risk groups (Table 1 ) (4) .
Choice of treatment
Once AML has been diagnosed, a decision must be made for intensive chemotherapy, non-intensive chemotherapy, or supportive care alone. With the exception of very few cases, intensive chemotherapy is the only option that provides a chance of long-term survival, but it also carries a high risk. A meta-analysis has shown that only 50% of older patients treated with intensive chemotherapy for remission induction actually do achieve a complete remission (CR), while 15% to 20% of them die as a complication of treatment (5) . Intensive and nonintensive chemotherapy have been tested against each other in only one randomized comparative trial of the European Organisation for Research and Treatment of Cancer (EORTC), which included 60 patients aged 65 or older (6) : In this trial, intensive chemotherapy was found to yield significantly better outcomes (evidence level Ib). Thus, the question of which elderly patients stand to benefit from intensive chemotherapy, and which do not, is a field of active research. The variables associated with increased mortality after intensive remission-inducing chemotherapy include poor general condition and the presence of relevant comorbidities. Prognosis of older patients with AML a) Overall survival curves of older and younger patients with AML (not APL) in the AMLCG1999 therapeutic trial. Age had a marked effect on survival. It made no appreciable difference which of two chemotherapeutic regimens was used (TAD-HAM or HAM-HAM). b) Comparison of observed rates of complete remission (CR, left) and early mortality (i.e., defined as death within 60 days of the initiation of treatment; right) with predicted values derived from AML scores. These scores enable the identification before treatment of patients for whom intensive remission-inducing chemotherapy would be associated with high early mortality and a low probability of CR. The predicted values are very close to the observed values. Patients whose predicted early mortality is above 50% or who have a low probability of attaining CR generally do not benefit from intensive chemotherapy, even if they are considered candidates for it in principle. c) Overall survival curve of older patients with acute promyelocytic leukemia (APL) treated with ATRA and chemotherapy. Noteworthy features are both the high early mortality and the 6-year survival rate of 56%, which is much better than the less than 20% survival of older patients with other subtypes of AML ( Figure 1a reliable index of the patient's general condition (Table 2 ) (e9). Patients over 75 with an ECOG performance status of 3 or 4 who undergo intensive chemotherapy have a 30-day mortality above 50% (7) . The hematopoietic stem-cell transplantation comorbidity index (HCT-CI) is also correlated with the outcome after intensive remission-inducing chemotherapy (8, e10) ; this index is a measure of the presence and severity of associated diseases, summarized on a point scale ( [SAL] ), have developed a prognostic scoring system to estimate the probability of response to intensive chemotherapy, and of early death as a complication of treatment, in patients for whom intensive chemotherapy is a feasible option (9) . This scoring system was designed on the basis of a retrospective analysis of the older AML patients who were intensively treated in the AMLCG99 trial, and was validated on an independent cohort consisting of the intensively treated patients in the AML96 trial of the SAL. Its predictive accuracy was assessed by the area under the curve (AUC) and the receiver operator characteristics, reflecting specificity versus (1 minus sensitivity). The calculated AUC values ranged from 0.63 to 0.71 (9) .
The scoring system is based on the following variables:
• • Molecular and cytogenetic risk classification (Table 1 ). The scoring system can be used to identify patients for whom intensive chemotherapy would be associated with a low chance of success and high mortality (Figure 1b) . The prognostic score is easy to calculate with the aid of the website www.AML-Score.org. Patients for whom intensive chemotherapy is found to be unsuitable can be treated with non-intensive therapy of various types, supportive care alone, or experimental treatment with new drugs in a clinical trial. The possible utility of a geriatric assessment as an aid to decision-making in this situation is currently being studied. Deschler et al. (10) found that a limitation in the patient's activities of daily living (ADL) with a Barthel index below 100, lessened performance status, and severe fatigue were all associated Cytogenetic and molecular genetic risk classification in AML (from [4] )
The presence of low-risk changes entails classification in the low-risk group regardless of the possible presence of any further cytogenetic changes *2 Except the t(9;11)(p22;q23), harboring the MLLT3-MLL fusion transcript *3 A complex karyotype is defined by the presence of at least three cytogenetic changes, not including any of the following, which imply a special classification: t(15;17), t(8;21), inv (16) or t(16;16) , t(9;11), t(v;11)(v;q23), t(6;9), inv (3) with a markedly lower survival rate after hypomethylating treatment with decitabine. This reported association is now being tested in a multicenter observational study under the direction of Prof. Lübbert (Freiburg, Germany). Though prognostic scores may well turn out to have clinical value, they should never be used as the sole basis of a recommendation for or against intensive chemotherapy; the clinical judgment of an experienced hematologist should remain decisive. The whishes and expectations of the patient after thorough information about the risks and outlooks of various therapeutic strategies will ultimately guide the final therapy decision.
Intensive chemotherapy
Intensive chemotherapy begins with one or two courses of remission-inducing chemotherapy, usually based on cytarabine and an anthracycline. The various types of induction therapy that are now in use all yield comparable results; in a meta-analysis incorporating the findings of 65 randomized controlled studies, all of the induction schemes tested were found to be equally effective with regard to overall survival, compared to reference treatment with standard doses of cytarabine and daunorubicin (11) . The so-called Intergroup Protocol, which has been accepted as a common standard arm for therapeutic trials by various German study groups, can be a possible reference therapy (12) . The typical risks of remissioninducing chemotherapy for AML include possibly lethal infections due to neutropenia, which are more common in older patients; mucositis; Cytarabine-induced skin rash; and cardiac side effects of anthracyclines (cardiomyopathy, arrhythmia). Thus, remission-inducing chemotherapy for AML should only be performed in experienced hematological centers. We have shown, in a non-randomized study, that post-remission therapy is a prerequisite for long-term disease-free survival (evidence level IIa) (13), although the optimal postremission therapy for older patients remains unclear and is a question of active research (e11). In a randomized trial conducted by the Cancer and Leukemia Group B, an increased dose of cytarabine in older patients was associated with more severe side effects, particularly affecting the central nervous system (CN S), and did not prolong survival, as opposed to younger patients (14) . Patients who do achieve a complete remission (CR; for the definition of treatment responses, cf. Table 4 , from [15] ) usually receive one to several cycles of consolidation therapy, often likewise based on cytarabine in varying doses among different protocols, with older patients receiving fewer courses and lower doses in each course (e.g., 5-6 g/m 2 instead of 36 g/m 2 per course) because of CN S toxicity. As specified by the trial protocol, some patients then receive maintenance treatment based on either classic cytotoxic drugs or experimental drugs. There is no adequate evidence for the use of maintenance treatment outside of clinical trials (e12) . Considering the unsatisfactory results of intensive chemotherapy, with a long-term survival rate below 15%, the inclusion of older patients in clinical trials is to be welcomed (evidence level IV) (e13).
Stem-cell transplantation
The treatment of younger AML patients with allogeneic stem-cell transplantation is becoming increasingly common (e14), as meta-analyses have revealed a survival advantage for AML patients with an available donor compared to those without a donor (16) . According to current data from the German AML Intergroup, allogeneic stem-cell transplantation is performed in 20% to 30% of younger patients in their first complete remission, depending on the study group (T. Büchner, manuscript in preparation). This form of treatment is associated with a substantially increased morbidity and mortality in older patients, mainly due to infectious complications and graft-versus-host disease (GvHD). A retrospective analysis of 52 patients aged 60 or above who underwent allogeneic stem-cell transplantation with classic myeloablative conditioning for hematological diseases revealed a 3-year treatment-related mortality of 42%, a 20% rate of severe (grade III or IV) acute GvHD, and a 53% rate of extensive chronic GvHD (e15). N onetheless, advances in tissue typing, the increasing availability of unrelated donors, and modern, reducedintensity conditioning (RIC) protocols with decreased toxicity have now made stem-cell transplantation a feasible therapeutic option for older patients as well (17) . Currently, only highly selected elderly patients are being offered allogeneic stem-cell transplantation in first CR outside of clinical trials. In a recently published, nonrandomized comparative study, the 3-year survival rate of patients aged 60 to 70 who underwent allogeneic stem-cell transplantation in their first remission was higher after RIC than after classic myeloablative conditioning treatment (37% vs. 25%), but this difference was not statistically significant (evidence level III) (e16). The putative benefit of an allogeneic stem-cell transplantation with RIC compared to classical consolidation chemotherapy for older AML patients in first CR is currently being studied in an international randomized trial under the direction of Prof. N iederwieser (Leipzig). 
Definition
No impairment of general condition Impairment of general condition without impairment of physical activity Impaired physical activity, confined to bed for less than half of daylight hours Impaired physical activity, confined to bed for more than half of daylight hours Permanently confined to bed
Palliative chemotherapy
It has recently been discovered that patients with less proliferative AML (defined as a bone marrow blast percentage of 30% or less) stand to benefit from a palliative treatment with hypomethylating drugs such as 5-azacitidine and decitabine, which partially revert the aberrant methylation of cytosine remnants in the DN A of leukemic cells (for a review, see [18] ). Data from recently published randomized trials suggest that the efficacy of treatment with these drugs may be comparable to that of intensive chemotherapy (19) und superior to that of other palliative treatment approaches (19, 20) . They can be given on an outpatient basis, as their side effects (e.g., altered blood counts, skin irritation, infections and abscesses at the injection site) are much less severe than those of intensive chemotherapy (evidence level Ib) (19, 20) . The median survival under treatment with 5-azacitidine was found to be 24 months (19) . Interestingly, patients with high-risk cytogenetic aberrations also responded to hypomethylating drugs. Treatment with hypomethylating drugs, unlike treatment with low-dose cytarabine, was also beneficial for patients achieving only an incomplete (CRi, CRp) or partial remission (PR) as best response (Table 4 ). In view of the poor results of other treatments, treatment with 5-azacitidine (75 mg/m 2 SC qd for seven days every four weeks until disease progression) is now considered standard for elderly AML patients who are not suitable candidates for intensive chemotherapy, with a bone marrow blast percentage of 30% or less and multiline dysplasia (Figure 2) , and has been approved for this indication in Germany (evidence level Ib). Decitabine, on the other hand, is currently not approved in Germany. Randomized trials (including those of the German SAL, AMLSG, and OSHO study groups) are now underway to determine whether treatment with 5-azacitidine is also effective in patients with more than 30% blasts in their bone marrow, and whether it has an additional effect when given in combination with intensive chemotherapy.
Treatment with low-dose cytarabine (10 mg/m 2 SC b.i.d. for 10 days, repeated every four weeks) was compared to treatment with hydroxyurea (HU) in a randomized trial; the resulting CR rates were 18% for cytarabine and 1% for HU, and the one-year survival after cytarabine treatment was about 25% (21), significantly better than that after HU. This treatment is well tolerated and can be provided on an outpatient basis. Its main side effect is an alteration of the blood counts. The survival advantage was only present among patients who attained a complete remission, and subgroup analysis revealed no benefit among patients with high-risk cytogenetic changes. Thus, this treatment can be recommended for patients who are not suitable candidates for either intensive remission-inducing therapy or hypomethylating therapy (evidence level Ib) (Figure 2) . The subgroup analysis in the study of Burnett et al. does not provide enough evidence to settle the question whether patients with high-risk cytogenetic changes might benefit from this treatment; since relevant data from prospective trials are lacking, treating such patients in this way is not recommended in In the study of Giles et al. (8) , the 28-day mortality was 3% in patients at low risk,11% in patients at intermediate risk, and 29% in patients at high risk routine clinical practice (Figure 2 ). There is no standard treatment at present for patients who are not suitable candidates for intensive chemotherapy with more than 30% blasts in their bone marrow and high-risk cytogenetic changes (Figure 2 ). In case of marked leukocytosis, cytoreductive therapy may be indicated to control the white blood count, with mild leukocytosis (15-20 000/µL) as the target (evidence level IV). Meticulous prevention of infections, empirical antibiotic treatment (e17), and substitution of blood products can prolong the time to the development of leukemia-associated complications (evidence level IV); nevertheless, the median survival time among the patients in the trial cited in (21) was only 35 days. In this situation, therefore, the patient's personal wishes with regard to further treatment (after adequate information from the physician) are paramount. One option is to participate in a clinical trial of a new drug (evidence level IV) (e13).
Class of comorbidity

Acute promyelocytic leukemia
Acute promyelocytic leukemia (APL) is a special type of AML that is regularly associated with a t(15;17) translocation. In Germany, APL accounts for about 10% of older patients with AML. APL in older patients has a relatively good prognosis (22 and Figure 1c) . Treatment with alltrans retinoic acid (ATRA, also called tretinoin, the acid form of vitamin A) induces differentiation of the malignant promyelocytes, which then lose their proliferative ability and die. To prevent the development of drug resistance and to avoid differentiation syndrome, ATRA must be given in combination, usually with a chemotherapeutic drug, in most cases an anthracycline. This can be considered the current standard treatment for APL (23) . Historically, the introduction of ATRA for APL led to a dramatic improvement in survival; thus, at present, a controlled trial of ATRA for this indication is no longer ethically permissible (evidence level III). Trials are currently addressing the efficacy of ATRA combined with arsenic trioxide (ATO), compared to ATRA combined 
Definition
Disappearance of blasts from peripheral blood, reduction of bone marrow blasts to <5% with complete recovery of peripheral blood counts with no need for red-cell transfusion, a granulocyte count ≥ 1000/µL, and a platelet count ≥ 100 000/µL Disappearance of blasts from peripheral blood, reduction of bone marrow blasts to <5% with granulocyte regeneration (≥ 1 000/µL) and incomplete platelet regeneration (< 100 000/µL) Disappearance of blasts from peripheral blood, reduction of bone marrow blasts to <5% with incomplete granulocyte regeneration (< 1000/µL), regardless of the degree of platelet regeneration
More than 50% reduction of bone marrow blast fraction to a value between 5% and 25% with disappearance of blasts in peripheral blood, with or without recovery of peripheral blood counts Flowchart for the stratification of primary treatment in older patients with acute myelocytic leukemia (AML) For patients with acute promyelocytic leukemia (APL), aggressive substitution therapy in case of coagulopathy and the rapid initiation of combination therapy including ATRA can be life-saving. For all other AML patients, intensive chemotherapy is recommended if the patient is a suitable candidate, possibly supplemented by allogeneic stem-cell transplantation in selected patients, once complete remission has been attained. Patients for whom intensive chemotherapy is not feasible and have 30% or fewer blasts in their bone marrow can benefit from hypomethylating therapy with 5-azacitidine, while those with more than 30% blasts can benefit from treatment with low-dose cytarabine. The notion that patients with cytogenetic changes signifying high risk do not benefit from lowdose cytarabine is derived from a subgroup analysis and has not been further tested; this issue must be addressed in a prospective study. No other specific treatments are available for patients for whom the above treatments are not feasible. They should receive supportive care or be enrolled in clinical trials of new drugs according to their wishes. APL, acute promyelocytic leukemia; ATO, arsenic trioxide; ATRA, alltrans retinoic acid; BSC, best supportive care.
with a chemotherapeutic drug. The established combinations, followed by consolidation therapy if CR is attained and sometimes by maintenance therapy containing ATRA, have led to cure rates above 50%, even among older patients (Figure 1c) . APL is regularly associated with disseminated intravascular coagulation at the time of diagnosis, resulting in a substantial early death rate due to fatal hemorrhage. A recommendation based on expert consensus has therefore been issued stating that patients in whom APL is suspected on morphological grounds should receive aggressive substitution of platelets and clotting factors and should be treated for APL immediately, even before the diagnosis is confirmed with molecular-genetic techniques (evidence level IV) (24) . Even patients with recurrent APL and those who fail to respond to treatment including ATRA still have a chance of attaining lasting remission through treatment with ATO, either as the sole agent or as a component of combination therapy (e18-e25); ATO has been approved for the treatment of refractory or recurrent APL in Germany (evidence level IIb). Once complete remission has been achieved, regular molecular monitoring is recommended, with the use of a quantitative polymerase chain reaction (PCR) to determine the degree of expression of the leukemia-specific PML-RARα fusion transcript that results from the t(15;17) translocation. Pre-emptive therapy should be initiated promptly if a molecular recurrence is detected (evidence level III) (25) .
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• Treatment is chosen on the basis of risk factors that are easy to assess, which are derived from a standard diagnostic evaluation, specific prognostic scores, and a geriatric assessment.
• Selected older patients are suitable candidates for intensive chemotherapy of the same type offered to younger patients, possibly including allogeneic stemcell transplantation with reduced-dose conditioning treatment.
• Certain groups of patients who are not candidates for intensive chemotherapy can be treated non-intensively with chemotherapeutic drugs such as azacitidine or low-dose cytarabine.
• For some older patients with AML, no good therapeutic options are available.
Such patients have a very poor prognosis; they can be given purely supportive care, or they can be offered the chance to participate in a therapeutic trial of a new drug. The wishes of the well-informed patient are paramount. 
